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@ A method and an apparatus for manufacturing a metallic bellows.

@ A first insert member (75) and a head member
(81) are inserted in a cylindrical metal material (A). A
liquid pressure chamber (110) is defined in the me-
terial (A) by the first insert member (75) and the
head member (81). First and second dies (31, 65)
are situated corresponding to the head member (81)
and the first insert member (75), respectively. When

a pressurized liquid is fed into the liquid pressure
chamber (110), that portion of the material (A) situ-
ated between the first and second dies (31, 65)
bulges cutward. As the first and second dies (31, 65)
are driven to approach each other with the bulging
portion between them, a pleat (B) with a U-shaped
section is formed.
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The present invention relates to a method and
an apparatus for manufacturing a metallic bellows
contained in, for example, an accumulator.

Some of apparatuses whose housing contains
a liquid and a compressed gas, such as accumuia-
tors, may use a metallic bellows for dividing the
liquid and the gas. Conventionally, there have been
proposed forming apparatuses for manufacturing
bellows of this type. In one such conventional ap-
paratus, split dies as many as pleats of the bellows
to be formed are arranged between a stationary-
side holder and a movable-side holder. These dies
and the movable-side holder are movable along
guide means. Return springs are disposed com-
pressed between each two adjacent dies so that
the dies can be held in position by the elastic force
of the springs. The movable-side holder can be
moved toward the stationary-side holder by drive
means such as a hydraulic cylinder.

In manufacturing a beliows by means of this
conventional apparatus, those portions of a cylin-
drical metal material which are supposed to be
formed into pleats of the bellows are bulged out-
ward by applying a bulging liquid pressure to the
inside of the metal material. By operating the drive
means in this state, the movable-side holder and
the dies are moved toward the stationary-side hold-
er while maintaining a fixed liquid pressure. By
doing this, the portions for the pleats of the bellows
are plastically deformed to be U-shaped at a
stroke. Thus, the bellows of a predetermined shape
can be obtained.

The conventional apparatus described above
requires use of the dies as many as the pleats of
the bellows and a large number of return springs.
Besides, all the dies must slide smoothly along the
guide means, so that the proximal portion of each
die to engage the guide means must be made
somewhat thick. i the dies are too thin, moreover,
an excessive surface pressure acts on the engag-
ing portions between the dies and the guide means
when the bulging liquid pressure is applied. Natu-
rally, therefore, the dies cannot be unlimitedly
thinned, and spaces to house the return springs
must be secured between the dies. Furthermore, it
is difficult to regulate the pitches between the dies
accurately.

For these reasons, the distance between the
dies cannot be shortened without substantial re-
strictions, so that it is difficult to manufacture bel-
lows with short pleat-to-pleat pitches. Since the
conventional dies can be used to manufacture bel-
lows of one specific type only, moreover, additional
dies must be used to manufacture bellows with
different pleat-to-pleat pitches or outside diameters,
thus entailing very high manufacturing costs.

Accordingly, the object of the present invention
is to provide a method and an apparatus for manu-
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facturing a metallic bellows, whereby bellows of a
predetermined shape can be formed with high ac-
curacy by means of a relatively small number of
dies, even short-pitch bellows can be manufactured
without difficulties, and bellows with different pieat-
to-pleat pitches or outside diameters can be manu-
factured with use of the same dies.

An apparatus according to the present inven-
tion developed in order to achieve the above object
is designed to manufacture a bellows from a cylin-
drical metal material having an open end. The
apparatus of the invention comprises: a base hav-
ing chuck means for fixing the material; a first
insert member adapted to bs inserted from the
open end of the material into a predetermined
position in the material; a second insert member
passed through the first insert member and having
its distal end projecting outward from the distal end
of the first insert member; a head member ai-
tached to the distal end portion of the second
insert member and adapted fo be inserted into the
material; sealing means for creating a liquid pres-
sure chamber of a predetermined length in the
material, the sealing means including a first sealing
member interposed between the inner surface of
the material and the first insert member and a
second seam member interposed between the in-
ner surface of the material and the head member,
the first and second insert members covering the
whole circumference of the material; a first die and
a second die located outside that portion of the
material at which the liquid pressure chamber is
defined and spaced at a distance long enough to
allow at least one pleat to be formed; bulging
pressure supply means for supplying a bulging
liquid pressure to the liquid pressure chamber,
thereby causing that portion of the material situated
between the pair of dies to bulge outward; die drive
means for relatively moving the pair of dies toward
each other, thereby plastically deforming the bulg-
ing portion of the material between the dies so that
the bulging portion has a U-shaped section, where-
by a pleat is formed; and material feeding means
for moving the material with the pleats thereon for
a distance long enough to allow another pleat to be
formed, with respect to the first die.

The sealed liquid pressure chamber is defined
inside the material by the sealing means, and is
filled with a liguid. The first and second dies are
located in predetermined positions around the ma-
terial in a die positioning process. When the bulig-
ing liquid pressure is supplied to the liquid pres-
sure chamber, the region between the dies bulges
outward. As the paired dies are relatively driven to
approach each other, the region to form a pleat of
the bellows is plastically deformed to be U-shaped.
After one or more pleats are formed in this manner,
the material is moved for a distance long enough to
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allow another pleat to be formed in a material
feeding process. When this material feeding pro-
cess is finished, the liquid pressure chamber in the
material is hermetically sealed again by the sealing
means. Then, the bulging liquid pressure is sup-
plied again to the liquid pressure chamber, and the
first and second dies are driven relatively to ap-
proach each other, thereby forming the new pleat.

By repeating a series of processes from the
die positioning process to the material feeding pro-
cess for the frequency corresponding to the num-
ber of pleats to be formed, a bellows with a given
number of pleats can be manufactured.

According to the present invention, a beliows
with a large number of pleats can be formed with
high accuracy by using a relatively small number
of dies, and bellows with shorter pleat-to-pleat
pitches can be formed. Moreover, various bellows
whose pleats vary in outside diameter or piich in
the middle along the axis of the material can be
manufactured with use of common dies.

This invention can be more fully understood
from the following detailed description when taken
in conjunction with the accompanying drawings, in
which:

Fig. 1 is a side view, partially in section,
showing a bellows manufacturing apparatus ac-
cording to an embodiment of the present invention;

Fig. 2 is an enlarged sectional view showing
part of the apparatus shown in Fig. 1;

Fig. 3 is a sectional view taken along line ill-
Il of Fig. 2;

Fig. 4 is a partial sectional view of the ap-
paratus of Fig. 1 showing a state before a beliows
is formed;

Fig. 5 is a sectional view of the apparatus of
Fig. 1 showing a state for bulging;

Fig. 6 is a sectional view of the apparatus of
Fig. 1 showing a state for pleat forming;

_Fig. 7 is a sectional view of the apparatus of
Fig. 1 showing a state after pleat forming;

Fig. 8 is a sectional view showing a state
after pleats with a short outside diameter are
formed by using the apparatus of Fig. 1;

Figs. 9 to 12 are sectional views individually
showing several modifications of the bellows; and

Fig. 13 is a side view, partially in section,
showing an alternative embodiment using a third
die.

An embodiment of the present invention will
now be described with reference to the accom-
panying drawings of Figs. 1 to 7. Bellows manufac-
turing apparatus 10 shown in Fig. 1 is an apparatus
forms a plurality of pleats B by using straight
cylindrical metal material A as a material of a
bellows. Material A may be of any kind and thick-
ness. Both ends of material A are open.

Apparatus 10 of this embodiment comprises
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base 11 which has an axis extending in the hori-
zontal direction of Fig. 1. Material supply stage 12
and bellows forming stage 13 are located on the
left- and right-hand halves, respectively, of base
11.

Material supply stage 12 is provided with motor
mounting section 15 and die mounting section 16.
Motor mounting section 15 is fitted with servomotor
20 which is provided with speed reducer 18 and
rotational position detector 19. Servomotor 20 may
be either AC or DC motor. Ball screw mechanism
22 is disposed between mounting portions 15 and
16. Mechanism 22 includes rotatable lead screw
23, extending in the horizontal direction of Fig. 1 or
in the axial direction of base 11, and movable body
24 threadedly engaged with screw 23. When lead
screw 23 is rotated by means of servomotor 20,
movable body 24 moves in the axial direction of
screw 23, corresponding to the amount of rotation
of the screw. Detector 19, which resembles a con-
ventional rotary encoder, produces a number of
pulses associated with the amount of rotation of
motor 20 or lead screw 23, and feeds them back to
servo driver circuit 25.

Movable body 24 is provided with chuck
mechanism 27, which is used to fix the proximal
portion of material A. Mechanism 27 is movable
together with movable body 24 in the horizontal
direction of Fig. 1, along guide 28 which extends
parallel to lead screw 23. Motor 20, ball screw
mechanism 22, driver circuit 25, efc. constitute
material feeding means 29 for feeding material A.
Alternatively, material A may be fed in the afore-
said direction by using any other suitable servo
means than servomotor 20 and ball screw mecha-
nism 22.

First die 31 is mounted on die mounting sec-
tion 16. Material insertion hole 32 (Fig. 2), which
has a diameter substantially equal to the outside
diameter of material A, is bored through the central
portion of die 31. inner peripheral edge 33 of the
inlet side of hole 32 is tapered to facilitate the
insertion of material A. The insertion of material A
can be made easier if die 31 is a split die which
can be divided in two in the diametrical direction of
the material.

Liquid pressure supply block 41 is attached to
support portion 40 which is mounted on bellows
forming stage 13. Block 41 is pressed against
support portion 40 by means of drive mechanism
86 mentioned later. Servomotor 44, which has
speed reducer 42 and rotational position detector
43, is disposed in the vicinity of support portion 40.
Servomotor 44 may be either AC or DC motor. Ball
screw mechanism 50 is disposed between support
portion 40 and die mounting portion 16. Mecha-
nism 50 includes rotatable lead screw 51, extend-
ing in the axial direction of base 11, and movable
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body 52 threadedly engaged with screw 51. Screw
51 is connected to speed reducer 42 of servomotor
44 by means of coupling 53. When lead screw 51
rotates, movable body 52 moves in the axial direc-
tion of screw 51, corresponding to the amount of
rotation of the screw.

The rotational position of lead screw 51 is
detected by means of detector 43. Detector 43,
which resembles a conventional rotary encoder,
produces a number of pulses associated with the
amount of rotation of motor 44 or lead screw 51.
These pulses are fed back to servo driver circuit
54. Motor 44, ball screw mechanism 50, driver
circuit 54, etc. constituie die drive means 55 for
moving second die 65 mentioned later. Servomotor
44 and ball screw mechanism 50 may be replaced
with any other suitable servo means for the pur-
pose. '

Die holder 60 is attached io movable body 52.
Workpiece takeout port 59 is formed in the flank of
holder 60. Die holder 60 is movable together with
movable body 52 in the axial direction of base 11,
along guide 61 which extends parallel to lead
screw 51.

Second die 65 is located on the left end side of
die holder 60, that is, on the side facing first die 31.
Back stopper 66 is provided on the other end side
of holder 60. Material insertion hole 67, which has a
diameter a little greater than the ouiside diameter
of material A, is bored through the central portion
of die 65. Second die 65 and back stopper 66 can
be each divided in two in the diametrical direction.
As shown in Fig. 3, die holder 60 and die 65 are
formed of a pair of elements 70 and 71 which can
be divided from each other in the diametrical direc-
tion of material A. Elements 70 and 71 can be
moved in the diametrical direction of material A by
means of drive mechanism 72 which includes a
hydraulic cylinder or the like.

Cylindrical first insert member 75, which is
adapted to be inserted into die holder 60, is lo-
cated coaxial with holder 60. Flange portion 786,
which is formed on the rear end of insert member
75, is restrained from moving in its axial direction
by back stopper 66. Thus, first insert member 75
can move together with die holder 60 in the axial
direction of guide 61. Compression spring 77 is
interposed between flange portion 76 and liquid
pressure supply block 41.

Second insert member 80 is inserted in first
insert member 75 so as to be movable in the axial
direction of first member 75. Piston-shaped head
member 81 is fixed to the left end side of second
insert member 80 by means of nut 82. As shown in
Fig. 2, the region between first and second insert
members 75 and 80 is sealed by means of sealing
member 83. The other end side of second insert
member 80 is integrally attached to liquid pressure
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supply block 41 in a manner such that a liquid is
prevented from leaking into block 41. Block 41 is
connected to drive mechanism 86, such as a hy-
draulic or pneumatic cylinder, by means of cou-
pling 85. Second insert member 80 can be moved
in the axial direction of first insert member 75, with
respect to die holder 60, by means of drive mecha-
nism 86.

As shown in Fig. 2, first annular groove 90 is
formed at the outer peripheral portion of an end of
first insert member 75, corresponding in position to
second die 65. Groove 90 extends along the cir-
cumference of first insert member 75. First sealing
member 91 is fitted in first annular groove 90.
Second annular groove 92 is formed on the outer
peripheral surface of head member 81, correspond-
ing in position to first die 31. Second sealing mem-
ber 93 is fitted in second annular groove 92. Seal-
ing members 91 and 93 are formed of rubberiike
elastic material, such as urethane elastomer.

First insert member 75 and head member 81
have radial holes 96 and 97, respectively, which
connect with the inner peripheral surfaces of seal-
ing members 91 and 93, respectively. Holes 96
and 97 communicate with sealing pressure supply
liquid passage 101 which exiends along the axial
direction of second insert member 80. Passage
101 is connected to sealing pressure supply hose
102, pressure changer 103, hydraulic servo valve
104, etc. by means of liquid pressure supply block
41. Hose 102 is connected to liquid pressure pro-
ducing unit 107. A pressure detection signal deliv-
ered from pressure changer 103 is fed back to
servo valve driver circuit 105. Liquid passage 101,
hose 102, servo valve 104, driver circuit 105, etc.
constitute sealing pressure supply means 106. First
and second sealing members 91 and 93 constitute
sealing means 108.

Inside material A, liquid pressure chamber 110
is defined between first and second sealing mem-
bers 91 and 93 by the inner surface of the material,
first and second insert members 75 and 80, and
head member 81. Chamber 110 communicate with
bulging pressure supply liquid passage 112 by
means of hole 111 in second insert member 80.
Passage 112, like sealing pressure supply liquid
passage 101, exiends along the axial direction of
second insert member 80. Passage 112 is con-
nected to bulging pressure supply hose 113, pres-
sure changer 114, hydraulic servo vaive 115, etc.
by means of liquid pressure supply block 41. A
pressure detection signal delivered from pressure
changer 114 is fed back io servo valve driver
circuit 116. Liguid passage 112, hose 113, servo
valve 115, driver circuit 116, etc. constitute bulging
pressure supply means 117.

Driver circuits 25, 54, 105 and 116 are con-
nected to central processing unit (CPU) 122 by
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means of output interface circuit 121. Data input
device 125 and auxiliary memory 126 are con-
nected to CPU 122 by means of interface circuit
123.

As shown in Fig. 1, first and second sensors
130 and 131 are located beside dies 31 and 65,
respectively. Sensors 130 and 131 are used to
detect the bulge diameter of material A during
bulging work and pitch AP (see Fig. 7) between
formed pleats, respectively. Sensors 130 and 131,
which may be of any type, may be each formed of
a line-image sensor using a CCD {(charge-coupled
device), for example. Qutput signals from sensors
130 and 131 are applied to CPU 122 through input
interface circuit 132.

The following is a description of the apparatus
of the embodiment constructed in this manner.

In material supply stage 12, the ftrailing end
poriion of material A is bound by means of chuck
mechanism 27 which is previously retreated to the
left of Fig. 1. In response fo a command based on
data previously entered in CPU 122, servomotor 20
rotates for a predetermined amount. As lead screw
23 is rotated for the predetermined amount, open
end A1 of material A passes through holes 32 and
67 of dies 31 and 65, and reaches and stops at a
predetermined axial position relative to first insert
member 75, as shown in Fig. 4. In this state,
sealing members 91 and 93 are situated inside
material A. In this sealing member insertion pro-
cess, material A can be easily passed through hole
32 if second die 65 is divided in the diametrical
direction, as indicated by two-dot chain line in Fig.
3. Aiter material A is passed in this manner, die 65
is closed. Since die holder 60 and first insert mem-
ber 75 are held in predetermined relative positions
by means of back stopper 66, the respective posi-
tions of second die 65 and sealing member 91
accurately correspond i{o each other. Sealing mem-
ber 93 on head member 81 is situated inside first
die 31. Distance L between dies 31 and 65 is just
long enough to allow one pleat of the bellows to be
formed. Distance L is regulated as die holder 60
moves to its predetermined initial position when
servomotor 44 is driven to rotate in response to a
command from CPU 122. In this die positioning
process, dies 31 and 65 are located in their re-
spective predetermined positions.

In a process for feeding material A to die 31,
no pressure is applied to sealing pressure supply
liquid passage 101. Accordingly, sealing members
91 and 93 are not pressed against the inner sur-
face of material A. Liquid pressure chamber 110,
which is defined inside material A, is filled with oil
as an example of the liquid. When servo valve 115
is opened in response to a command from CPU
122, the oil at low pressure PO which cannot de-
form material A is supplied io liquid pressure
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chamber 110 through bulging pressure supply
hose 113 and hole 111. The oil supplied fo liquid
pressure chamber 110 removes residual air in
chamber 110 as the surplus oil flows out through
narrow gaps between the inner surface of material
A and sealing members 91 and 93, as indicated by
arrows in Fig. 4. Thus, liquid pressure chamber 110
is filled up with the oil.

Then, the other servo valve 104 opens in re-
sponse to a command from CPU 122, whereupon
the oil at pressure P1 is supplied to the side of the
inner peripheral surfaces of sealing members 91
and 93 through sealing pressure supply hose 102
and liguid passage 101. As a result, sealing mem-
bers 91 and 93 are deformed in a direction such
that their diameters increase. Thus, the sealing

_members come into intimate contact with the inner

surface of material A, thereby hermetically sealing
liquid pressure chamber 110.

Subsequently, in response to a command from
CPU 122, the oil at pressure P2 is introduced into
liquid pressure chamber 110 through servo valve
115, bulging pressure supply hose 113, liquid pas-
sage 112. When buiging pressure P2 acts on
chamber 110 in this manner, that portion of ma-
terial A situated between dies 31 and 65 bulges out
in a gentle curve, as shown in Fig. 5. This is a
bulging process. Outside diameter DO of material A
inflated by the bulging work is detected by means
of sensor 130. When bulge diameter DO attains a
predetermined value, the oil supply to liquid pres-
sure chamber 110 is stopped while maintaining
fixed pressure P2. Diameter DO of material A de-
tected by sensor 130 is fed back to CPU 122, and
oil pressure P2 is controlled in accordance with the
detected value. By doing this, bulge diameter DO
can be restrained from varying when the wall thick-
ness of material A is subject to variation. This
regulation is very effective for the improvement of
the accuracy of outside diameter D1 of formed
pleats B.

When die holder 60 and first insert member 75
is driven in the direction of arrow F of Fig. 6,
second die 65 is moved in the direction to ap-
proach first die 31. Second insert member 80 and
head member 81 are kept fixed with respect to first
die 31. Pressure P2 in liquid pressure chamber 110
is kept constant by means of servo valve 115.
Thus, as second die 65 moves toward first die 31
for a predetermined stoke, that portion of material
A which bulges between dies 31 and 65, cor-
responding to one pieat of the bellows, is axially
compressed o undergo plastic deformation, that is,
to be U-shaped. This is a die drive process. The
axial dimension of pleat B is minimized when sec-
ond die 65 is moved to the predetermined position

. relative fo first die 31.

After first pleat B is formed in the aforesaid
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series of processes, the pressure in liquid pressure
chamber 110 is reduced to zero or a level low
enough not to deform material A. At the same time,
pressure P1 on sealing members 91 and 93 is
reduced to zero or a level lower than P1, where-
upon the force of pressure on members 91 and 93
is removed or reduced. Then, second die 65 is
divided in the diametrical direction, and is retreated
to the position at distance L from first die 31. At the
same time, servomotor 20 for material feeding
rotates for the predetermined amount in response
to the command from CPU 122, whereupon ma-
terial A is advanced for a distance long enough to
form another pleat. During this material feeding
process, bulging pressure supply means 117 con-
finues to supply the oil at pressure PO to liquid
pressure chamber 110, that is, the oil goes on
being fed into chamber 110.

After the material feeding process is finished,
second die 65 is closed, as indicated by full line in
Fig. 3, in response to a command from CPU 122.
When sealing pressure P1 is applied to sealing
pressure supply liquid passage 101, sealing mem-
bers 91 and 93 come into intimate contact with the
inner surface of material A. As bulging pressure P2
is applied again to liquid pressure chamber 110,
that region of material A situated between dies 31
and 65 bulges out in a gentle curve. When second
die 65 is moved toward first die 31, thereafter,
second pleat B is formed. Piich AP of pleats B
thus formed is detected by means of sensor 131.
The detected value is fed back to CPU 122. The
feed amount of material A is finely adjusted to an
optimum value in accordance with the detected
value of pitch AP. This adjustment is very effective
for the improvement of the accuracy of pitch AP of
pleats B.

By repeating the series of processes, including
the die positioning process, bulging process, die
drive process, and material feeding process, a plu-
rality of pleats B are formed one by one and
accumulated in succession, as shown in Fig. 7.
Pitch AP between pleats B can be widened by
making the feed amount of material A in the ma-
terial feeding process greater than in the case of
the aforementioned embodiment. Further, outside
diameter D2 of pleat B’ can be made shorier than
outside diameter D1 of pleais B, as shown in Fig.
8, by making the feed amount of material A in the
material feeding process and the movement
amount of die 65 in the die drive process smaller
than in the case of the embodiment.

When a predetermined number of pleats are
formed by repeating the aforementioned processes
of operation, chuck mechanism 27 releases its hold
of formed bellows C and servomotor 20 rotates in
response to commands from CPU 122, whereupon
mechanism 27 returns to iis initial position on the
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left end side of Fig. 1. At the same time, die 65,
back stopper 66, etc. open in the diametrical direc-
tion, and first and second insert members 75 and
80 and liquid pressure supply block 41 are moved
fully to the right of Fig. 1 by means of drive
mechanism 86. In the meantime, die holder 60 is
kept at a standstill. Thus, formed bellows C is left
abutting against right-hand end 60a inside die hold-
er 60, so that it can be taken out through workpiece
takeout port 59.

According to apparatus 10 of the present em-
bodiment, the data entered in CPU 122 can be
changed as required to produce various bellows C.
In bellows C shown in Fig. 9 or 10, for example,
the pitch between pleats B varies in the middle
along the axis. In bellows C shown in Fig. 11 or 12,
the outside diameter of pleats B varies in the
middle along the axis. In apparatus 10, moreover,
die 65 can be made thin enough to manufacture
bellows with fine pitches without difficulties. Since
the position of die 65 can be accurately regulated,
furthermore, pleats B can be formed with high
accuracy. Since even a great number of pleats B
are successively formed one by one, moreover,
they can continue to be produced as long as
material A is supplied. Thus, a long bellows can be
formed from a single material A without requiring
welding or other connection work.

According to the present invention, the pleats
may be formed two by two by using third die 65
provided between first and second dies 31 and 85,
as shown in Fig. 13. Third die 85 has the same
shape as second die 65.

According to the present invention, moreover,
the liquid introduced into liquid pressure chamber
110 is not limited to oil. For example, sealing
pressure P1 and bulging pressure P2 may be
produced by using water or some other liquid in
place of oil.

Claims

1. A method for manufacturing a metallic bel-
lows (C) from a cylindrical metal material (A), char-
acterized by comprising:

a sealing means insertion process for inserting
sealing means (108) inio the material (A), thereby
defining a sealed liquid pressure chamber (110)
with a predetermined length in the axial direction
inside the material (A);

a die positioning process for locating a first die (31)
and a second die (65) at a distance therebetween
long enough to allow at least one pleat (B) fo be
formed on that portion of the outer peripheral sur-
face of the material (A) at which the liquid pressure
chamber (110) is defined;

a bulging process for applying a bulging lquid
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pressure to the liquid pressure chamber (110) from
inside the material (A), thereby causing that portion
of the material (A) situated between the pair of dies
(31, 65) to bulge outward throughout the circum-
ference thereof;

a die drive process for moving the pair of dies (31,
65) toward each other, thereby plastically deform-
ing the bulging portion of the material (A) so that
the bulging portion has a U-shaped section;

a material feeding process for advancing the ma-
terial (A) for a predetermined distance in the axial
direction thereof, with respect to the first die (31);
and

a repeating process for repeating the series of
processes, including the die positioning process,
bulging process, die drive process, and material
feeding process, for the frequency corresponding
{o the number of pleats (B) to be formed, thereby
successively forming the required number of pleats
(B).

2. The manufacturing method according to
claim 1, characterized in that the feed amount of
the material (A) in the material feeding process is
made greater when the pitch (AP) between the
pleats (B) of the bellows (C) to be formed is
increased than when the pitch (AP) is reduced.

3. The manufacturing method according tioc
claim 1, characterized in that the feed amount of
the material (A) in the material feeding process and
the movement amount of the die (65) in the die
drive process are both made greater when the
outside diameter (D1) of the pleats (B) to be
formed is increased than when the ouiside diam-
eter (D1) is reduced.

4. The manufacturing method according to
claim 1, characterized in that the bulge diameter
(D0) of the material (A) bulged in the bulging
process is detected by means of a first sensor
(130), and a bulging liquid pressure (P2) for the
liquid pressure chamber (110) is conirolled in ac-
cordance with the detected value.

5. The manufacturing method according to
claim 1, characterized in that the pitch (AP) be-
tween the pleat (B) formed in the die drive process
and a previously formed pleat (B) is detected by
means of a second sensor (131), and the material
feed amount in the material feeding process is
controlled in accordance with the detected value so
that the pitch (AP) of new pleats (B) formed there-
after has a desired value.

6. An apparatus for manufacturing a bellows by
forming pleats (B) on a cylindrical metal material
(A) having an open end (A1), characterized by
comprising:

a base (11) having chuck means (27) for fixing the
material (A);

a first insert member (75) adapted to be inserted
from the open end (A1) of the material (A) into a
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predetermined position in the material (A);

a second insert member (80) passed through the
first insert member (75) and having its distal end
projecting outward from the distal end of the first
insert member (75);

a head member (81) attached to the distal end
portion of the second insert member (80) and
adapted to be inserted into the material (A);

sealing means (108) for creating a liquid pressure
chamber (110) of a predetermined length in the
material (A), said sealing means (108) including a
first sealing member (91) interposed between the
inner surface of the material (A) and the first insert
member (75) and a second seam member (93)
interposed between the inner surface of the ma-
terial (A) and the head member (81), said first and
second insert members (91, 93) covering the whole
circumference of the material (A);

a first die (31) and a second die (65) located
outside that portion of the material (A) at which the
liquid pressure chamber 110 is defined and spaced
at a distance (L) long enough to allow at least one
pleat (B) to be formed;

bulging pressure supply means (117) for supplying
a bulging liquid pressure to the liquid pressure
chamber (110), thereby causing that portion of the
material (A) situated between the pair of dies (31,
65) to bulge outward;

die drive means (55) for relatively moving the pair
of dies (31, 65) toward each other, thereby plasti-
cally deforming the buiging portion of the material
(A) between the dies (31, 65) so that the bulging
portion has a U-shaped section, whereby a pleat is
formed; and

material feeding means (29) for moving the ma-
terial (A) with the pleats (B) thereon for a distance
long enough to allow another pleat (B) to be
formed, with respect to the first die (31).

7. The manufacturing apparatus according to
claim 6, characterized in that said second die (65)
can be divided in the diametrical direction of the
material (A).

8. The manufacturing apparatus according to
claim 6, characterized by further comprising seal-
ing pressure supply means (106) including a liquid
passage (101), connecting with the respective inner
peripheral surfaces of the first and second sealing
members 91, 93), and a liguid pressure producing
unit (107) for applying a liquid pressure to the
liguid passage (101) to press the respective outer
peripheral surfaces of the sealing members (91,
93) against the inner surface of the material (A).

9. The manufacturing apparatus according to
claim 6, characterized in that said bulging pressure
supply means (117) continues to supply a liquid at
a pressure lower than the bulging liquid pressure to
the liquid pressure chamber (110) in a manner
such that no liguid pressure is applied to the seal-
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ing members (91, 93) by the sealing pressure
supply means (106), thereby keeping the liquid
pressure chamber (110} filled with the liquid lest air
enter the liquid pressure chamber (110).

10. The manufacturing apparatus according {o
claim 6, characterized by further comprising a first
sensor (130) for detecting the outside diameter
(D0) of the material (A) bulged by the bulging
pressure supply means (117) and a second sensor
(131) for detecting the pitch (AP) between the
formed pleats (B).
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